Mitochondria prepared from broccoli buds by the usual procedure, using 0.5 M sucrose as the homogenizing medium, showed poor activity. The rate of oxidation of succinate rapidly declined with time and there was virtually no oxidation of a-ketoglutarate. Several workers, with both plant (10, 16) and animal (3, 14) material, reported that disodium EDTA (disodium ethylene-diamine tetra-acetic acid) added to the preparative medium activated and stabilized mitochondrial oxidations. This type of activation was obtained with mitochondria from broccoli buds. The object of the present study was to determine the effectiveness of EDTA on broccoli mitochondria and to obtain clues as to the mechanism of activation.
MATERIALS AND METHODS With some modifications the method outlined by Laties (9) was used to prepare the mitochondria. In the preparative procedures all manipulations were carried out at 0°C. The broccoli buds were cut off the flower stalks and 12 gm were ground in a mortar with 20 gm of fine acid-washed sand and 25 ml of either 0.5M sucrose or 0.5M sucrose containing 0.01 MI EDTA. Additional 10-ml portions of preparative medium were added to aid in homogenizing the tissue. Finally the homogenate was diluted with the same medium to make a total volume of 90 ml containing the 12 gm of tissue.
The resulting homogenate was squeezed through four layers of cheesecloth and the filtrate centrifuged at 1000 x g for 5 minutes to precipitate pollen grains, unbroken cells, nuclei, cell debris and sand. The supernatant was then centrifuged at 17,000 x g for 15 minutes. The second precipitate, which yielded the mitochondrial pellet, is described as "once washed".
A "twice washed" preparation was one in which the pellet was resuspended in 20 ml of 0. homogenized in the centrifuge tube with a snug-fitting lucite pestle. The resuspended particles were spun down at 17,000 x g for 15 minutes. This procedure was repeated once more to give a "thrice washed" preparation. After all washes the final mitochondrial pellet was suspended in 4 ml of 0.5 M sucrose and homogenized with a motor-driven Teflon pestle.
The oxidative capacity of the mitochondria was determined by their ability to oxidize a-ketoglutarate 2) . The most striking effect, especially with suceinate, was the stabilization of activity for at least a 2-hour period.
EFFECT OF WASHING ON THE ACTIVATION EFFECT OF EDTA: The purpose of the washing experiments was to reveal whether the activation affected by preparation in EDTA could be reversed by removal of the EDTA. In these experiments the activity of EDTA-prepared mitochondria washed once was compared with preparations washed twice and thrice with 0.5 M sucrose. Removal of EDTA by washing did not reverse the activation effect ( fig 3) . The EDTA in the mitochondria and the supernatant before and after washing was determined by the method of Darbey (5) . In an aliquot calculated to have 3.7 mg of EDTA the first washing contained 3.5 mg and no EDTA was retained in the mitochondria. These data indicated that all the EDTA was washed out of the mitochondria in the first washing.
From these data it appears that once the mitochondria are prepared in EDTA they cannot be inactivated by removal of the EDTA. It is also evident that the EDTA is completely removed by washing It appears from the data shown in table I that 0.001 M disodium EDTA added to the reaction mixture, after isolating the mitochondria in 0.5 M sucrose, has no beneficial effect on oxidation. Addition of 0.001 WI disodium EDTA to the reaction mixture after isolating the mitochondria in EDTA had no additional effect. Apparently the chelation which enhances oxidation by the mitochondria must take place during the time the cells are broken. Otherwise the mitochondria are irreversibly inhibited.
DISCuSSION
As a result of this study the generalization can be made that active mitochondria with a stabilized rate of activity could be obtained only by isolating in an EDTA-sucrose medium. It must be pointed out, however, that seasonal variability of the tissue was considerable and during the summer and early fall the stimulatory effect of EDTA was not obtained. In these cases the activity of the isolated mitochondria was extremely low, probably because of factors unrelated to the action of EDTA. The data reported here were obtained from material secured during the winter and spring months.
The simplest explanation of the data herein reported is to assume that EDTA stimulates activity by chelation of inhibitory cations. It is not known specifically what cation or cations are chelated. One can, however, postulate that the deleterious cations, released into the homogenate when the cells are broken, are being sequestered. An example of this type of inhibition is the oxidation of SH groups by heavy metals. In the living cell these cations may be combined in linkages which make their presence innocuous. The physiological shock of cell rupture or the mixing of vacuolar sap with cytoplasmic material may cause hydrolysis of the linkage which binds the cation to its endogenous partner. When freed in the homogenate these cations may become attached to enzymes or cofactors in a manner which inhibits them. However, when the cells are broken in the presence of disodium EDTA, the deleterious ions are chelated and the mitochondria are spared. Once homogenization in the absence of EDTA has occurred, the mitochondria are irreversibly inactivated.
The reports on the use of EDTA with plant tissues are variable. Price and Thimann (10) observed that the addition of EDTA to the extraction medium was of little consequence with mitochondria from etiolated pea stems, but with further purification a definite beneficial effect was shown in succinoxidase activity. Biale and Young (2), using avocado tissue, and Sharpensteen and Conn (13), using white potato, found no beneficial effect of EDTA. Tager (16) reported considerable enhancement of pyruvate oxidation by mitochondria from Avena seedlings prepared in sucrose solutions containing EDTA. From these reports it appears that while EDTA is effective with some plant tissues, it is only partially effective with others and totally ineffective with still others.
Apparently the beneficial effect of EDTA is more universal with animal tissues. Slater and Cleland (14) preserved the activity of heart sarcosomes at temperatures of 15 to 250 C by addition of EDTA to the sarcosomal suspension. The best sarcosomal preparations were obtained by including disodium EDTA in the isolation medium. However, these sarcosomes were very susceptible to inactivation by added calcium ions. Since calcium is known to stimulate ATPase (1), Slater and Cleland's concept (15) is that calcium is adsorbed on the sarcosomes during isolation and subsequently causes hydrolysis of the ATP in the membrane. Consequently there is a loss of the highenergy phosphate, which is presumably needed to maintain the stability of the mitochondrial membrane. The presence of EDTA in the isolating medium or in the suspension serves to chelate calcium and thereby prevents the inactivation.
Gross (8) demonstrated that EDTA in concentrations of 0.001 to 0.003 M accelerates ATP-ase activity, but in concentrations above 0.003 M inhibited ATPase by chelation of calcium present in a concentration of 0.003 M. The acceleration at lower concentrations of EDTA was attributed to chelation of inhibiting trace metals. The work of Friess (6), Friess et al (7), and Bowen and Kerwin (4) on the effect of EDTA on ATP-ase may have considerable bearing on the concepts of Slater and Cleland (15) and Bonner (3) .
Bonner (3) found that succinoxidase preparations from heart muscle, inactivated by various means, could be reactivated by addition of 1OA M EDTA.
This was apparently not a chelation effect since inactivation occurred when EDTA was removed from the
